Background: Few studies have investigated the hospital-based care utilization of children with medical complexity (CMC) in Japan. This study examined the frequency and differences in hospital-based care utilization for CMC according to the level of medical complexity (moderate and severe). Methods: Medical records of three pediatric tertiary hospitals in one prefecture were examined in 2014. We examined the number of outpatient visits and of admissions to the hospital for CMC in the 5 years after the introduction of home medical care.
Severe motor and intellectual disabilities (SMID) has been used to define children with severe or multiple disabilities based on two dimensions of physical and intellectual abilities since the 1960s in Japan. 1 This term is similar to profound intellectual and multiple disabilities (PIMD) established by the International Association for the Scientific Study of Intellectual Disability. 2 According to recent developments in neonatal and pediatric intensive care, the increased number of children living with medical care has attracted public attention. In 1991, the term "severe motor and intellectual disabilities-medical care dependent group" (SMID-MCDG) was introduced to describe severity of disability in terms of caregiving situations due to medically complex care. 3 In 2008, the Japan Pediatric Society (JPS) first reported the proportion of children aged 0-19 years with SMID-MCDG as approximately 0.30/1,000 population. 4 The JPS estimated that around 7,350 children with SMID-MCDG lived in Japan, and approximately 70% of them stayed at home. The caregiving burden for these children mainly falls on family members: for example, only 18% of children with SMID-MCDG received home-visiting nurse services, and 88% of them regularly visited hospitals to receive medical care by physicians. 4 Understanding health-care utilization is important to reduce the care-related burden on families and maintain the lives of children with high medical care need in the community. Cohen et al. proposed a definitional framework of children with medical complexity (CMC) to characterize children with coexisting multiple service needs, chronic conditions, functional limitations, and frequent health-care use. 5 With regard to CMC health-care utilization in other countries, the rate of admissions for CMC increased significantly from 1995 to 2010 in US hospitals. 6 Health-care expenditure for CMC accounted for almost one-third of all children, although the CMC comprised <1% of the child population in Ontario, Canada.
the high need for multiple services and frequent utilization of health care. Few studies, however, have examined health-care utilization in children with high medical needs in Japan. Therefore, the aim of this study was to examine the characteristics of children with high medical care needs and hospitalbased care utilization in one prefecture in Japan, especially with regard to the number of outpatient visits and admissions to hospital in the 5 years after the introduction of medical care at home.
Methods

Setting
This was a descriptive study with medical record review in three hospitals in one prefecture in Japan, located approximately 1-2 h by train from Tokyo. This prefecture has a population of 2.97 million and occupies an area of 6,096 km 2 . All three hospitals participating in this study were center hospitals of emergency pediatric medicine in the prefecture. These hospitals are also centers for maternal, fetal, and neonatal health. We selected the subjects from these three hospitals based on the SMID-MCDG scoring system, because children with medical high needs tend to have diseases or disabilities related to neonatal and emergency medicine.
Defining CMC
The scoring system for children with SMID-MCDG was used to select the subjects (Table 1) . 3 This scoring system has been used in health insurance claims since 1996 to calculate additional fees during hospitalization associated with increased complex care needs. It has been widely and practically used to evaluate the severity of medical care in children. Suzuki et al. defined a score 10-24 points as semi SMID-MCDG, and ≥25 points as genuine SMID-MCDG. 3 The current study focused on CMC as defined by Cohen et al. 5 to examine the utilization of hospital-based care. Therefore, in the present study we focused on children who scored ≥10 points, and classified children who scored 10-24 points as having medical complexity that was moderate (CMC-moderate), and children who scored ≥25 points as having medical complexity that was severe (CMC-severe).
Subject selection
Selection of CMC-moderate or -severe according to the SMID-MCDG definition (i.e. those whose physical function at best was achievement of the sitting position, and who scored ≥10 points on the SMID-MCDG scoring system) was carried out in two steps. First, we selected children visiting the outpatient departments of pediatrics and pediatric surgery in three hospitals who incurred medical fees related to the scoring system items from health insurance claims in 2014. Patients usually pay these home medical fees at outpatient regular visits and receive medical equipment. According to health insurance claims, we selected children who scored ≥5 points for any kind of medical fees. The reason for setting the cut-off at ≥5 was because the medical fee did not cover several items of the scoring system such as frequency of suction, nebulizer, changing position, or oral intake. Therefore, the home caregiving situation, such as frequency of suction, nebulizer, or changing position was confirmed via conversation with the family members of the children who scored ≥5 points on health insurance claims using any medical devices at home. After confirmation of the home caregiving situation, children who scored <10 points or who could walk or stand were excluded. Finally, 92 CMC were selected for the study.
Hospital-based care utilization
We examined medical records for at most 5 years after the introduction of any medical devices at home. The timing of introduced medical care was defined as the time at which children started to use any kind of device, such as mechanical ventilator, tracheotomy, or feeding tubes, which required payment of medical fees related to the items of the SMID-MCDG scoring system. This study evaluated the number of regular To determine feeding score, one item is selected from items 8-9 (8, oral intake, nasogastric tube, gastrostomy tube; 9, duodenal gastric feeding tube, constant infusion pump). CMC, children with medical complexity; SMID-MCDG, severe motor and intellectual disabilities-medical care dependent group. outpatient visits, emergency outpatient visits, planned admissions, and emergency admissions as hospital-based care utilization at the corresponding hospital for each child. Emergency hospital-based care utilization is a different burden for families than planned care utilization in advance. Therefore, this study examined planned versus unplanned utilization separately. Regular visits were defined as appointments in advance, and planned admissions included admissions for surgery or examinations scheduled in advance. Emergency visits and admissions were defined as unplanned visits or admission without appointment. Admissions to other hospitals were included in the number of admissions and were obtained from referral forms. The total number of outpatient visits and total number of admissions were defined as the sum of regular and emergency visits or planned and emergency admissions, respectively. We also investigated the child characteristics (age at introduction of medical care and sex), need for medical care at home, and fiscal year of medical care introduction.
We also examined the medical records of home/community-based care utilization. These services included physician home visit (i.e. regular physician visit to the child's home to provide medical care), home-visit nursing care, home help service, home bathing service, short stay services as a means of respite care, and day services. The identification of service utilization was based on medical record review.
Statistical analysis
First, we compared the differences in child characteristics between the three hospitals. Second, we performed bivariate analysis to compare differences in child characteristics, need for medical care at home, and home/community-based care utilization between CMC-moderate and CMC-severe using chi-squared test, or Fisher's exact test. Third, we described hospital-based care utilization, and compared the total number of visits and admissions between CMC-moderate and CMCsevere on Wilcoxon rank-sum test. Because the follow-up duration differed between children, the number of visits and of admissions was counted by year. The length of hospitalization was compared between CMC-moderate and CMC-severe using Wilcoxon rank-sum test. Last, we compared the number of hospital visits and of admissions between the first year and the next 4 years (from the second to fifth year) for CMC followed for all 5 years, using Wilcoxon signed-rank test. The institutional review boards at all three hospitals approved this study. Table 2 lists the characteristics for CMC-moderate and CMCsevere according to hospital. No significant differences were seen in sex, age or year of medical care introduction, or in prevalence of CMC -moderate and -severe according to hospital. The year of medical care introduction differed with participating hospital. The majority of CMC in hospitals A (86.4%) and C (88.0%) had medical care introduced at home since 2005, while 30% of CMC in hospital B had started medical care during 1994-2004. Hospital B also provided home medical care by physician (n = 6) and planned admission as a means of respite care (n = 8). We examined medical records from the beginning of medical care at home to at most 5 years. More than half of the subjects (62.0%) were followed up to the fifth year. No significant difference was seen in the proportion of CMC-severe with hospital. Figure 1 shows the year of home medical care introduction according to CMC age. The majority of CMC had medical care introduced at home before the age of 2 years old, but the number of older CMC (i.e. 7-17 years old) with introduction of home medical care also increased in 2010-2014. Table 3 lists the differences in CMC characteristics, year of home medical care introduction, use of home medical care from SMID-MCDG score, and home/community-based care utilization according to level of MC. With regard to CMCsevere, most had home medical care introduced before 2 years old (83.8%). In contrast, for CMC-moderate, onefourth (25.5%) had home medical care introduced after 7 years old. The number of CMC with home medical care introduction increased gradually for both CMC-moderate and CMC-severe by year. The most frequent type of home medical care introduced was nasogastric or gastrostomy tube (moderate MC, 76.4%; severe MC, 81.1%). CMC-severe differed significantly from CMC-moderate with regard to use of ventilator, tracheotomy, use of constant infusion pump, and frequent change of position more than six times per day. The underlying medical conditions consisted of neurological disease (e.g. malformation of the brain, encephalopathy, cerebral palsy etc., n = 40), neonatal disease (e.g. neonatal asphyxia, hypoxic-ischemic encephalopathy etc., n = 18), muscle disorders (muscular dystrophy, spinal muscular atrophy etc., n = 12), chromosomal abnormality (n = 8), multiple abnormalities (n = 8), and other diseases (n = 2). Four children became CMC due to external causes such as drowning (n = 3) and suffocation (n = 1). The most frequently used service at home or in the community was home-visit nursing care (53.3%). CMC-severe were significantly more likely to have physician home visit (18.9%) and home-visit nursing care (78.4%). Table 4 lists the annual number of hospital visits and admissions according to MC status for up to 5 years. Hospital B provided home medical care by physician for six CMCsevere and periodically planned admissions as a means of respite care for eight CMC-severe. These CMC received regular home-visits by physicians, instead of outpatient care, and had regular hospital admission for respite care. These CMC were therefore excluded from this analysis because this type of hospital-based care utilization might differ from that of CMC without home-based physician services or respite care. The CMC-moderate and CMC-severe had an annual median of 20 outpatient visits in the first year (IQR: CMC-moderate, 13-29 visits; CMC-severe, 17-26 visits). Of the total 20 visits, the median of emergency visits was four for CMC-moderate and five for CMC-severe. During the successive 4 years after the first year of home-based medical care introduction, the median total visits was 15-17 per year for CMC-moderate and 14.5-16 per year for CMC-severe. No significant differences were seen in the 5 years between CMC-moderate and CMCsevere for total outpatient visits per year. Likewise, the number of emergency visits was not significantly different between CMC-moderate and CMC-severe (P = 0.776, 0.470, 0.810, 0.695, and 0.516, in each year respectively; not shown in Table 4 ).
Results
In terms of admissions, CMC-severe had three per year, and CMC-moderate had two per year in the first year. During the next 4 years, the median total admissions was 0-1.5 per year for CMC-moderate, and 1-2 per year for CMC-severe. CMC-severe had significantly more admissions in the fifth year (P = 0.003) compared with CMC-moderate. In addition to the number of admissions, the length of admission was also significantly longer for CMC-severe (median, 234 days; IQR, 88-372 days) than for CMC-moderate (median, 128.5; IQR, 61-200 days) in the CMC followed for 5 years (P = 0.027).
Next, we compared the numbers of hospital visits and admissions between the first year and in the next 4 years for CMC who could be followed for the 5 years. Although the numbers of total visits and admissions were slightly decreased during the 5 years, there was no significant difference between the first year and the next 4 years in total visits (not shown in Table 4 : CMC-moderate, P = 0.224; CMC-severe, P = 0.375) or in total admissions (CMC-moderate, P = 0.443; CMCsevere, P = 0.082).
Discussion
This was the first study to examine hospital-based health-care utilization in children with high medical care needs using SMID-MCDG score. The notable findings in this study were the extremely high utilization of hospital care in CMC: a median of 20 total outpatient visits, which included 4-5 emergency outpatient visits in the first year. In the following 4 years, the number of total visits and admissions was slightly, but not significantly, decreased compared with the first year. CMC-severe had significantly more admissions in the fifth year, and the length of admission was significantly longer compared with CMC-moderate. CMC, children with medical complexity; CMC-moderate, children with medical complexity that is moderate; CMC-severe, children with medical complexity that is severe. A similar high outpatient use has been previously reported for children with high medical needs. Cohen et al. reported that CMC had a median of 13 physician outpatient visits, and six specialist outpatient visits in the 2 years after the index hospitalization.
7 O'Mahony et al. reported that the rate of pediatric admission after emergency department (ED) visits and of repeat ED visits increased with increasing level of MC. 8 For example, the average number of pediatric ED visits in 2 years according to condition was 1.3 for non-chronic conditions, 2.0 for episodic, 2.4 for lifelong chronic, 3.4 for progressive chronic, and 3.3 for malignancy. In the present study the total outpatient visits and emergency visits to each tertiary hospital were higher compared with these studies. This may be because of the higher level of complexity in both CMC-moderate and CMC-severe in the present study (i.e. 89.2% needed any kind of tube feeding and 44.6% depended on mechanical ventilation at home). This may also be the reason for the lack of significant difference in total and emergency visits according to MC status in the present study, and for the fact that all of the present CMC depended on tertiary hospitals as a primary resource for regular and emergency medical care after the introduction of home medical care.
One advantage of this study is that it examined tertiary hospital care utilization for these children with high MC for up to 5 years. This follow-up length is longer than in previous studies (i.e. 2 years 7, 8 ). The number of total outpatient visits and emergency visits did not significantly decrease or change in the 5 years for CMC-moderate or CMC-severe. Comparing the first and the successive 4 years, the number of total visits and of admissions were slightly, but not significantly, decreased. This indicated that both CMC-moderate and CMC-severe needed high-level medical care consistently throughout the 5 years. In the fifth year, CMC-severe had a significantly higher number of hospitalizations compared with CMC-moderate. This might be related to the change in medical care needs according to physical development, or to the prognosis of the underlying conditions. Further research is needed to examine the timing and reasons for visits and hospitalizations to prevent emergency visits/admissions and to reduce total hospital-based care utilization.
It is possible that the CMC could have visited or been admitted to other hospitals or clinics, but this was not examined in the present study. Ishida et al. examined the healthcare utilization of 1,024 children in Japan compared with US children, and found that Japanese children visited a physician in the community clinic 2.5-fold more often, and visited a hospital-based outpatient clinic 11-fold more often than US children. 9 Although health-care utilization varies with country and health-care system, high utilization of health care can become burdensome for families. In a nationwide US survey, 46.3% of CMC families paid >$US1,000 in out-of-pocket health-care costs, and 54.1% of families stopped working due to the caregiving burden. 10 The CMC, especially technologydependent CMC, require multiple family members for assistance even for hospital visits. Therefore, both CMC-moderate and CMC-severe have a high caregiver burden with regard to utilization of tertiary hospital-based medical care. Practitioners and policy makers therefore need to keep in mind the fragile physical or psychological health, complex medical needs, support for transportation, financial concern, caregiving burden, and availability of home/community-based services associated with CMC. Further study is needed to evaluate a wider range of health-care utilization, including multiple hospitals and primary pediatric clinics, and to evaluate caregiving burden with severity of medical care needs.
The other advantage of this study was that it was able to examine a relatively large proportion of CMC in one prefecture, from three tertiary hospitals. Given the prevalence of SMID-MCDG of 0.30/1,000 population aged 0-19 and the proportion of these children living at home of approximately 70%, 4 the number of CMC in the targeted prefecture was estimated at 163; 116 of whom lived at home. The present study involved 92 CMC, that is, 79.3% of the estimated number of CMC at home in this prefecture. This relatively high coverage rate was due to the fact that the three participating hospitals were tertiary pediatric hospitals that provided intensive care and introduced medical care at home. Using this sample of CMC in one prefecture, we investigated the trends in CMC numbers. The number of CMC with introduction of medical care at home increased year by year, especially in CMC <2 years old (Table 2 ; Fig. 1 ). In addition, the number of older CMC was also increased in 2010-2014, because some CMC, such as those with muscle disorders, had gradually declining respiratory function that necessitated the introduction of mechanical ventilation at home. The present study may have failed to include some CMC as a result of death, moving house, or stopping of medical care due to improvement in their condition after starting of home medical care in 2014. Even allowing for these possibilities, the number of CMC aged <2 years has been constantly increasing. A similar tendency of increasing number of children with high medical needs in Japan was also noted in a previous study that examined >7,000 patients with SMID admitted to institutions, in which the number of CMC increased from 1, 198 11 CMC admission to institutions has become difficult due to the lack of available beds. It is also problematic that a limited number of children received physician home visit and planned admission as respite care. Therefore, increasing the resources for home/community-based services would be essential to maintain or improve the lives of children with higher medical care needs in the community. The present proportion of CMC receiving home-visit nursing services was higher than in a previous study conducted in 2008 , 4 but utilization of other types of home/community-based services was limited. Increasing resources for home/community-based services would be critical to maintain or improve the lives of children with high medical care needs in the community. In addition to increasing services, widening the eligibility criteria for services is also necessary. We excluded some children who could walk or run, even if they needed high-complexity medical care, because a required condition of SMID-MCDG was "physical function at best was the sitting position". These ambulant children with high medical care needs may require different types of support and consideration in the community. Therefore, further research is needed to include a wider range of children with high medical needs, and to examine the combination of both hospital-based and home-based health-care utilization that can best reduce the care burden related to emergency visits or admissions.
Limitations and future directions
This study had several limitations. First, the sample consisted of 92 CMC for whom medical claims were obtained from hospital records from 2014 onwards. We could not include children who had home medical care introduction before 2014 that had already ceased; children who moved to another place or were admitted to permanent institutions; or children who died before 2014. The estimated coverage rate of CMC, however, was 79.3%, and the SMID-MCDG score was determined by asking family members about daily care directly, in addition to medical claim data. Therefore, this study was able to assess children with high medical care needs in one prefecture from three hospitals.
Second, information on health-care utilization was limited to medical records from the three hospitals. We could not investigate visits by CMC to other hospitals or clinics in the community. The number of admissions to other hospitals, however, was able to be determined from referral forms, but the number of visits could be determined only for the three target hospitals. Even though the actual number of outpatient visits might be higher, the number of CMC with hospitalbased care utilization was still very high. To understand the complete picture of health care utilization, a system that collects data from multiple hospitals is needed.
Third, higher hospital-based care utilization becomes burdensome for children and families, health professionals, and hospitals, and increases the medical care costs. But, regardless of whether the visit or admission was planned or unexpected, parents might have mixed feelings such as relief, stress, or anxiety about the psychological, financial, or social burden. Therefore, future research should examine health-care utilization with regard to caregiving burden and the associated feelings of the families.
In conclusion, CMC in one prefecture had high medical needs and a high utilization of hospital-based services. CMC-moderate and -severe had a consistently high requirement for medical care throughout the 5 years after the introduction of medical care at home. Care coordination with home/community-based and hospital-based services is needed to sustain their lives in the community in light of the recently increasing number of CMC in Japan.
